Study aim: To determine the effects of indoor cycling training combined with restricted diet, lasting 12 weeks, on serum lipid concentrations in obese women. Material and methods: Twenty women aged 23.8 ± 3.6 years were randomly assigned into two groups: control (C) and experimental (E), the latter subjected to indoor cycling at various loads, 3 sessions weekly, every session lasting 45 min, combined with restricted diet (about 1200 kcal daily) for 12 weeks. The following variables were recorded: body height and mass, BMI, relative body fat content (from 7 skinfolds), fat-free mass, triglycerides, cholesterol and lipoproteins (HDL, LDL, VLDL). Results: Significant increase in HDL and significant decreases in all other variables (except body height) were noted only in the experimental group. Conclusions: Indoor cycling associated with restricted diet is an excellent option in controlling obesity and serum lipids.
Introduction
The prevalence of obesity increased enormously over the past few decades and overweight can be considered an epidemic in both developed and developing countries [2, 32] across all socio-economic categories and age [4] . At present, about 1.6 billion of people are afflicted by overweight and 0.4 billion by obesity, the forecast for 2015 amounting to 2.3 and 0.7 billion, respectively [34] . It was estimated that in 2025 Brazil would become number 5 in the world in that respect [22] .
Obesity is a complex disorder associated with an excess of adipose tissue, genetic, physiological and behavioural factors playing significant role in its aetiology. Numerous diseases, e.g. cardiovascular, type 2 diabetes, hypertension and dyslipidemia have been attributed to obesity [3, 5, 18] .
One of the most common manifestations of excess body fat, particularly its accumulation in the abdominal area, is atherogenic dyslipidemia [33] , manifested by a triad of lipid disorders: elevated triglycerides (TG) and low-density lipoproteins (LDL), and reduced highdensity lipoproteins (HDL). It constitutes a significant risk factor for cardiovascular disease, primarily due to its contribution to the fibrous plaque build-up within the artery walls [24] .
Obesity and dyslipidemia increase the risk of morbidity and mortality from cardiovascular and related diseases in Brazil [1] . A change of the lifestyle consisting of practicing regular aerobic activities combined with dietary restrictions has been strongly recommended in order to prevent obesity-related disorders [6] . These two factors, i.e. diet and activity, were unequivocally shown to prevent the obesity-related cardiovascular diseases and to maintain body components at appropriate levels [28, 30] .
Indoor cycling became an essential activity in fitness centres due to its beneficial effects on cardiovascular fitness, body fat reduction and the risks of developing cardiovascular diseases [16] . Thus, the aim of this study was to assess the body composition and serum lipid levels in overweight women following 12 weeks of indoor cycling associated with restricted diet.
Material and Methods
A group of 20 healthy women aged 23.8 ± 3.6 years volunteered to participate in the study. They were randomly divided in two groups, 10 subjects each: control and experimental. The subjects gave their written consents to participate after having been informed of the study aim and protocol. The study was approved by The Human Research Ethics Committee at Castelo Branco University. The following variables were recorded:
Anthropometric: Body mass, body height, percent body fat, body mass index (BMI) and fat-free mass, according to Lohman's protocol [12] . Body mass was measured with an accuracy of 0.1 kg on digital scales (Filizola, Brazil) combined with a standard stadiometer for measuring body height. Body fat content was calculated from seven skinfolds according to Jackson and Pollock [8] using a manual skinfold caliper (Lange, USA) and classified according to Pollock and Wilmore [19] . All measurements were made by one investigator.
Serum lipid profile: Triglycerides (TG), total cholesterol (TC) and high-density lipoproteins (HDL) were determined by enzymatic colorimetry, low-density lipoproteins (LDL) and very-low-density lipoproteins (VLDL) were computed by Friedewald's equation, all values being expressed in mg/dl. Blood samples were assayed at a commercial laboratory (Sérgio Franco, Brazil). The subjects reported to the laboratory in the morning, in the preprandial state. The results were classified according to the III rd Brazilian Guidelines for Dyslipidemia and Atherosclerosis issued by the Department of Atherosclerosis of the Brazilian Society of Cardiology [24] .
Experimental procedures: The study lasted 12 weeks. At the beginning and at the end of that period all subjects underwent all the measurements. Women from the experimental group were subjected to indoor cycling sessions, 45 min each, 3 times weekly. Details of the experimental protocol are presented in Table 1 . Individual maximal heart rate (HRmax) was determined by Inbar's equation [7] . Their heart rates were monitored by Polar F1 devices (Polar, Finland) throughout the session. The cycling cadence was controlled by rpmrelated musical bpm, an important motivating instrument. The perceived exertion was monitored by Borg's scale ratings. All sessions were instructed and supervised by the same investigator. Diet: Control subjects were instructed to stay on their habitual diet and to refrain from physical activities; their diet was monitored by a dietician* every two weeks by 24-h recalls, their daily energy uptake amounting to about 1200kcal. At every meeting with the dietician, the participants related their difficulties in following previous recommendations and received advices. Subjects from the experimental group ate usually 8 meals a day, spaced by 2 -4-h intermissions, total energy intake * Ms. Fernanda Albuquerque de Andrade (CRN 4ºR: 03100304) amounting to about 1200 kcal/day. They were instructed to observe the recommended diet throughout the study and not to substitute the meals by snacks, to observe schedules and to ingest at least 2 l of water per day. Body mass was monitored twice weekly.
The data were subjected to a conventional statistical treatment [27] . All variables proved normally distributed by applying Kolmogorov-Smirnov's test. Differences between mean values were assessed by Student's t-test for dependent or independent data, the level of p≤0.05 being considered significant.
Results
Anthropometric data recorded before ('Pre') and after ('Post') 12 weeks of indoor cycling are shown Table  2 . According to the commonly used criteria of obesity (BMI≥30kg.m -2 , body fat: 30-35%) and overweight (BMI≥25kg.m -2 , body fat:25-30%), both groups were overweight.
The 12-week training brought about significant decreases in body fat content (by about 21%), body mass and BMI (by about 10% each) only in the experimental group; moreover, the 'Post' body fat content in the experimental group proved significantly lower than in the control group. No significant change was noted in the fat-free mass. In the control group, both body mass and fat content significantly increased (see Table 2 ). The 'Post' -'Pre' changes in all studied serum lipid components were significant only in the experimental group (Table 3) , highest decrease being noted for VLDL (by nearly 28%), other changes amounting to 6 -8%. Similar differences were observed for HDL and VLDL between the experimental and control groups.
Discussion
At the beginning of the study, all subjects had very high body fat content according to Pollock and Wilmore's classification [19] . Similar values were reported also by others [10] . According to the Brazilian Society of Cardiology [24] , subjects from the control group had markedly elevated levels of TG, TC, HDL and VLDL, and acceptable ones of LDL.
This study demonstrated that a 12-week training in indoor cycling, combined with restricted diet, brought about marked decreases in body mass, BMI and body fat content, the fat-free mass remaining unchanged. Weight loss induced by dietary restriction is known to be accompanied by a loss in fat-free mass [15, 17] . Yet, a combination of restricted diet with aerobic exercise training proved effective in maintaining FFM.
However, the degree of preventing the reduction of FFM depends on the type and volume of exercise [26] . Thus, in this study, as well as in that of Mayo et al. [14] , the weight loss was attributable to a loss of fat. The mechanisms by which exercise might prevent a loss of FFM remain unclear but may involve a preferential mobilisation of fat stores as an energy source. Inducing negative energy balance is the most important aim of weight loss programmes, physical activity in conjunction with dietary energy restriction being claimed an important component. The results of many recent studies support the beneficial role of a combination of the two (e. g. [29] ). Rector et al. [20] observed the effect of a diet reduced by about 500 kcal/day and moderateintensity aerobic exercise training (45 min/day, 5 days/ week) in 9 male and 21 female subjects aged 18 -50 years, overweight to obese (BMI equal to 26 -43), for 6 months. The subjects reduced their body mass from 96.6 ± 3.1 to 87.6 ± 2.7 kg and BMI from 33.3 ± 0.8 to 29.9 ± 0.7.
Shadid and Jensen [23] observed the effect of diet and aerobic exercise applied for 18 -20 weeks to 19 volunteers aged 41 ± 2 years. The subjects stayed on a 500 kcal deficit diet; the exercise programme started with 15 min, 3 times a week at 50% of individual heart rate reserve, then gradually increased to 45 min, 4 times a week, at 60 -70% of heart rate reserve. Their body mass decreased from 97.5 ± 3.3 to 85.8 ± 3.1 kg (p<0.001) and BMI from 32.1 ± 0.7 to 27.7 ± 0.8 (p<0.001), the fat-free mass remaining unchanged (p = 0.07). Utter et al. [29] observed the effects of diet and moderate exercise (60 -80% of HRmax) in obese women for 12 weeks. The subjects were assigned into 4 groups: diet (D), diet + exercise (DE), exercise (E) and control (C); in Groups D and ED body mass and body fat were reduced, no significant changes being noted in Groups E and C. Those studies demonstrated the importance of combination of dietary modification and exercise in body weight reduction. Our research supports those findings suggesting indoor cycling as an excellent option in obesity control. That latter report [29] provided a basis for our study. Namely, we considered it useless to repeat Utter's experimental design and focused on the combined effect of reduced diet and exercise.
The last component to consider in determining the most effective way of educating individuals about decreasing the risk of cardiovascular diseases is the interplay of diet and exercise in reducing serum lipid levels [13] . Physical activity is strongly recommended in that respect by the Centers for Disease Control and Prevention and the American College of Sports Medicine [20] . Their recommendation documents the improvements in cardiovascular risk factors associated with aerobic training.
According to a recent meta-analysis of Kelley and Kelley [9] , aerobic exercise reduces TG and TC and increases HDL. Stefanick et al. [25] indicated significant reductions in LDL in both men and women who observed a reduced diet combined with exercise (1 h/day, 3 times/week). Additionally, Lofgren et al. [11] stated that even modest changes in body mass in response to reduced energy and carbohydrate intakes, combined with increased physical activity, improved cardiovascular health as evidenced by decreased LDL. This was observed in this study in the experimental group. Moreover, our results support the findings of Roberts et al. [21] , who observed the effects of a short-term, rigorous diet and exercise intervention consisting of walking at the training heart rate (70 to 85% of HRmax) for 45 -60 min, for 3 weeks. The TG decreased from 117.4 ± 9.7 to 102.4 ± 7.5 mg/dl, TC from 189.5 ± 4.3 to 174.4 ± 3.5 mg/dl and LDL from 116.8 ± 4.1 to 104.9 ± 3.1 mg/dl. Like in Roberts' study [21] , all those decreases were significant.
In conclusion, our data reveal that weight loss induced by indoor cycling training associated with restricted diet brought about health benefits: improved serum lipid levels and body composition. Of course, each individual is expected to select the preferred diet/exercise combination for attaining maximum benefits.
